The effect of ozone on the surface charge and cleanability of stainless steel was studied, using nonporous stainless steel particles. Stainless steel particles were treated with gaseous ozone generated from a pure oxygen-fed ozonizer at concentrations of 0.05 to 1.0% (v/v). Xray photoelectron spectroscopic analysis showed no significant differences in the binding energies of elements and composition of the outermost surfaces of stainless steel after ozone treatment. Adsorption isotherms of water vapor showed slightly lower affinities for ozonetreated stainless steel particles than for non-ozone-treated particles. In addition, the apparent points of zero charge (pzcapp) of ozone-treated stainless steel particles were situated at points corresponding to more acidic pH values compared with the pzcapp of non-ozone-treated particles. The effects of ozone on the surface properties of stainless steel particles depended on the ozone concentration.
INTRODUCTION
Recently, ozone has been increasingly used for cleaning and sanitizing operations as an alternative oxidizing agent to chlorine in the food industry. Ozone is a strong oxidant and it leaves no residual toxic effects after decomposition to oxygen. Ozone has been demonstrated to be useful for microbial sterilization (Ishizaki et al. 1986; Restaino et al., 1995; Zhao and Cranston, 1995) , postharvest storage of fruits (Barth et al., 1995) , regeneration of ceramic membranes (Moulin et al., 1991) , and improvement of cleaning efficiency (Takehara et al., 2000; Urano and Fukuzaki, 2001) . On the other hand, ozone can damage not only biological materials but also equipment materials, e.g., plastics, elastomers, and metals, resulting in qualitative changes (Murray, 1994) . The smoothness and physicochemical properties of equipment surfaces in contact with the product are important factors to determine the cleaning efficiency (Timperley, 1981) and the magnitude of the forces of interaction between fouling components and equipment surfaces (McGuire and Krisdhasima, 1991) . The austenitic stainless steels have been the most widely used material in the construction of food machinery (European Hygienic Equipment Design Group, 1993) . Although it is commonly recognized that ozone has no significant impact on stainless steel in the absence of halides, little is known about the variation in the physicochemical properties of stainless steel surfaces after ozone exposure.
The surface properties of stainless steel are governed by the nature of the passive film that exists on the surface. The passive film on stainless steel consists mainly of oxides and hydroxides of chromium and iron (Asami and Hashimoto, 1979; Elsener and Rossi,1995; Virtanen and Bohni, 1995 The stainless steel particles were treated with 0.5% (v/v) ozone for 1 h at room temperature. Argon ion etching was not conducted. Another major spectrum was observed at 101.7 eV which assigned to Si 2p. 
